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Official Draftsperson, under separate paper. Formal drawings for Figs. 2-9 were approved as 
originally submitted. Said second set of Figs. 1,10-12 is being separately filed before the 
Official Draftsperson. 
In the Specification: 

At page 1 9, line 21 f delete^ I i a - i b )l - Mc - id l) n and substitute therefore - - ( M fl - i b l - 1 ic - 
i d I) - At page 19, line 25, deUtie*^*' "b)l - 1 i c - id I)" a" d substitute therefore - - ( I i a - i b l + l 
ig - in I) - - . An amended copy showing strike-outs and add-ins of twice page 19 and a separate 
dean copy of twice page 19 are attached. 
In the Claims: 

Amend the claims 1-24 and add new claims 25-26 as follows. 



1. (Twice-Amended) An apparatus for detecting the phase and amplitude of electromagnetic 
waves , proforably in the optical and +n4he ne ar infrared and ultraviolet ranges, comprising 
at least two modulation photogates {1, 2) whioh are sensitive to the electromagnetic waves 
(photosensitive),, and accumulation gates (4, 5) which are associated with the modulation 
photogates, said accumulation gates (4,5) bding neither photosensitive nor shaded, and 
electrical connections for the modulation phdtogates (1, 2) and the accumulation gates (4, 



5)j, so that the latter can be connected to a 



rlading-out device^ and the former can be 



connected to a modulating device which inc 



characterised in that there are provided a [ 
accumulation gates (4, 5) i n tho form bein 



■eases or reduces the potential of the 
modulation photogates (1 , 2) relative to eac i other and relative to [the] a proforab l y constant 
potential of the accumulation gates (4, 5) corresponding to a desired modulation function, 

urality of modulation photogates (1, 2) and 
m formed of long narrow parallel strips which 



group-wise form a PMD-pixel, wherein the 
diodes with proforably in each oos e the c 
electrode. 



accumulation gates are in tho form of reading-out 
thode of each diode being a a frth e reading-out 
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2.(Twice-Amended) An apparatus for detecting |£e phase and amplitude of electromagnetic 
waves T p re fera bly in the optical and m th e n e arj infrared and ultraviolet ranges, comprising 
at least two modulation photogates (1, 2) whichjare sensitive to the electromagnetic waves 
(photosensitive),, and accumulation gates (4 T 5) which are associated with the modulation 
photogates and which are not photosensitive or shaded, and electrical connections for the 
modulation photogates (1 t 2) and the accumulation gates {4, 5) A so that the latter can be 
connected to a reading-out device,, and the former can be connected to a modulating device 

which increases or reduces the potential of thl modulation photogates (1 , 2) relative to each 

j 

other and relative to the a pr o forobly consta nt potential of the accumulation gates (4, 5) 
corresponding to a desired modulation function, characterized in that there are provided a 
plurality of modulation photogates (1, 2) and accumulation gates (4, 5) in th e form being 
formed of long narrow parallel strips which group-wise form a PMD-pixel, wherein the 
accumulation gates are i n the form of reading-out diodes with pr o fcrabiy in oach case the 
cathode of each diode being a as-tte reading-out electrode, characterized in that the width 
of the modulation photogates is greater than the width of the accumulation gates. 



3 (Twice-Amended) Apparatus as set forth in claim 2 characterized in that the width of the 
individual modulation photogates is of the order of magnitude of the a wavelength or,, in 



particular for the remote infrared range,, alse less than the wavelength of the 

I 

electromagnetic radiation waves to which the modulation photogates are sensitive. 



4. (Third-Amended) Apparatus as set forth in one of claims 2 through 3 characterized in that the 
a strip length of the modulation photogates (1,2) and the accumulation gates (4, 5) is more than 
ten times and pr e f e rably mor e than fifty times the wavelength of the electromagnetic rodiation 
waves to which the modulation photog4es are sensitive. 
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S. (Third-Amended) Apparatus as settforth in one of claims 2 t*eu§*»} thrpufltl 3 characterized 
in that there are provided a plurality o| modulation photogates in paired parallel mutually 
juxtaposed relationship, wherein each of the modulation photogates (1.2) of such a pair is 
connected to another modulation con nection so that the modulation photogates (1 . 2) are 



modulatable in push-pull relationship, Uerein a respective accumulation gate (5. 4) Is arranged 
between a pair of modulation photogais (1 , 2) and a next adjacent further pair of modulation 
photogates (2, 1) and wherein the modulation photogates (1, 2) of the two pairs, which are 
immediately adjacent to a respective accumulation photogate (4. 5), are connected or 
electrically joined to the modulation connections in such a way that their modulation occurs 
respectively in push-pull mode. 

6. (Previously Twice-Amended) Apparatus as set forth in one of claims 2 through 3 
characterized in that a plurality of modulation connections (mi, m 2 , m 3 ) are arranged at 
substantially equal spacings along the length of the strips and are connected to the modulation 



photogates (1, 2). j| 

ii 

7. (Third-Amended) Apparatus as set fo*h in one of claims 2 through 3 characterized in that the 
modulation photogates immediately adjoining the accumulation gates (4, 5), on the a side 
towards the accumulation gates, include jpart i a ll y invo l ve n n n v n rln g h y a contacting strip of high 
conductivity and of no or very low transparency for tho oloctromagnot i c wtiv r ^ . 

8. (Third-Arnended) Apparatus as set firth in one of claims 2 through 3 characterized in that 
the apparatus has one or more pixel ufk elements, wherein a- each pixel unit element js 
substantially square-shaped and complses a plurality of pate-ef strip-shaped modulation 
gates (I, 2) and accumulation gates (4, 5), which pixel units are assembled to form a pixel, 
wherein the strip directions of adjacent >ixel o l omonts units at different modulation vo l ta g e 
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are proforobly perpendicular t<l each other wherein adjacent pixel units are at differe nt 
mnrii.iatinn voltages, and wheriin transversely with respect to the strip direction ofa 
res pective pixel unit the ends ol the B&ete atrin-shaped modulation gates are defined by at 
A ^ least one respective modulation! photogate (1 . 2) which adjoins a next inw ard l y di s posed 
\f accumulation gate (4, 5). 

b , 

9. (Twice-Amended) Apparatus as set forth in claim 8 characterized in that the ejectncal 
connections for the accumulation^ eefweetioB© are provided at a respective end of the 
strips of a pixel, wherein each seclnd accumulation gate is connected to a first respective 
one of two reading-out lines (fo*JU»pte corresponding to K+) and the other accumulation 
gates are connected to the respective other one of the connection lines (corresponding to K- 
), wherein the reading-out lines lead to an evaluation circuit. 

10. (Third-Amended) Apparatus as let forth in claim 8 characterized in that two pixel units 
elements (10, 10') are arranged withlthelr strips parallel and in directly mutually juxtaposed 
relationship so that the mutually immediately adjacent modulation photogates which define 
the mutually juxtaposed ends or sideslof the two pixel units element* (1 0, 1 0') form a pair of 
modulation photogates (I, 2) which ari modulatable selectively in push-pull mode or phase- 
displaced relationship, whereby either i single pixel element of double the size of one of the 
two pixel units is formed or two independent measurement procedures, for e xample being, of 
an in-phase signal and a quadrature sijjnal, are possible with the two pixel umts e l ements . 

1 1 . (Third-Amended) Apparatus as set Arth in claim 8 characterized in that there are four 

pixel unite clomonto oro arranged in a reitangle, wherein the strips of the pixels units which 

are respectively disposed in diagonally Apposite relationship in the rectangle 

rccpoctivoly extend parallel to each otheV while the strips of the Immediately adjacent 

i 5 
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pixel units olomonts extend perpend 
connections are connected in such a wjay 



ieularly to 
i way that 



olomonts (10) can be effected in phas< 
through 90"-i n oach cas e. 



each other, and wherein the- modulation 
modulation of adjacent pixel units 



-shifted relationship , moro cpcoifioa ll y proforo hl y 



12. (Twice-Amended) Apparatus as set 



forth in claim 1 1 characterized in that each of the 
four pixel units etemeflte (10) is respec ively of a substantially square shape and the four 
pixel units elements are assembled to form a square or that the Comoro aro ad di ti o n -^ 
cut off in c uch a wny ttr " tmt i -i i hr - i n n ot n hfldron chapo ic formp d. 



13. (Twice-Amended) Apparatus as set forth in claim 12 characterized in that the four 
pixel units elements are selectively combined individually (4-quadrant operation) or 
doubly In diagonal relationship (2-quadrant operation) or in quadruple relationship (1- 
quadrant operation), wherein In the ca«> of 4q*H**«** ^^yjdrant operation and 2- 
quadrant operation the gradient or normlal vector of the surface eleme** of the fou| pixel 
units is additionally evaluated. 

14. (Third-Amended) Apparatus as set forth in claim 2 characterized in that the 
modulation photogates and the accumulation gates and the associated signal evaluation 



peripheral equipment and modulation pe 
and in part as a multi-chip module using 



ipheral equipment are produced in part on-chip 
CMOS-technology or BlCMOS-technology. 



15. (Third-Amended) Apparatus as set ft rth In claim 2 characterized in that arranged 
over the modulation photogates (1, 2) ar » strip lenses which focus substantially all the 
light gigrtrnmannetic waves incident on 1 ie surface of a 4w*e* Rixe! element exclusively 
on to the modulation photogates (1, 2). 

6 
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1 6. (Previously Twice-Amended) Apparatus as set forth in claim 2 characterized in that a 
plurality of PMD-pixels are arranged|n a linear or matrix array. 

17. (Third-Amended) Apparatus as sit forth in claim 2 characterized in that in a linear or matrix 
array has both PMD-pixels with 3D-fi|nctionality and also conventional CMOS-pixels with 2D- 
funetionality are used in mixed mode I wherein the various and-i*?art«*** adjacent items of 
pixel information are passed to a datifusioning and interpolating device for reconstruction of 
the a depth image. 

18. (Third-Amended) Apparatus as sel forth in claim 17 characterized in that pref e r a b l y thoro is 
associated with each said PMD-pixel 4 a microlens which concentrates the light 
^rnmaonetic waves incident on the|array sub otantially on to onto the photosensitive surface 
0 f t n n inHmirhnl pivrlq that PMD-pixel . 

19. (Previously Twice-Amended) Use ol an apparatus as set forth in claim 2 characterized in 
that the apparatus is used as a photose isitive image-recording element in a camera. 



20. (Previously Twice^Amended) Use of 
that the apparatus is used in optical signal 
mixing or correlation element for signal 



jthe apparatus as set forth in claim 2 characterized in 
processing as a frequency- and phase-sensitive 
quisition, processing and noise suppression. 



21. (Third-Amended) A method of operat 
that a scene of which an image is to be p 



ng an apparatus as set forth in claim 8 characterized in 
oduced is illuminated with a light modulated in 



accordance with a modulation function, Jierein the modulation photogates (1,2) are modulated 
with the same but now bipolar or push-pu I modulation function and wherein, selectively for half 
of a 2-quadrant or 4-quadrant pixel, of the) pixels 90° phase-shifted modulation is effected in 
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the case of sine modulation or a bit wi 
width in the case of PlM-modulation of 



1th in the case of rectangular modulation or a chip 
the modulation photogate voltages sotentials. 



22. (Third-Amended) Use of an a 
apparatus is used in an optical PLL-ci 
highly integrated and te- proforably 
t i me l apcc cameras, in optical rem o te 



pparitus as set forth in claim 2 characterized in that the 
i Quit or DLL-circuit which circuits are i o preferab l y 
in light barrier arrangements , ac o PLL array - t ft 
contro l s o n tl i n r l ntn light h^ 1 " ' i rrnn nr m p nt n n n ri 



used 



optical communiootinnH with each including 



for tho regeneration of data signals ir> 
various modulation modes. 



23. (Third-Amended) Use of an apparatus as set forth in an* one of claims 2 and 3 
characterized in that the apparatus is ;sed in an optical PLL- or DLL-circuit with a 2Q- 
PMD-DLL on the basis of an IQ-PMD-i eceiver, ******* with PN-modulation, wherein 
digital PN-encoded data signals are u*jed for multi-channel selection, multi-target 

phase transit time resolution, wherein the a 
the- a difference of the- quantitative differences of 
the-photocurrents as U 4 = const ■ ^W-^c^Lij^LdLkHji and Is fed back by 
way of a loop filter or a digital regulate r as a control parameter of the a voltage- 
controlled multivibrator to the a chip fr squency and wherein the a data signal of the a 
PM-encoded 1/0-data sequence is reg aerated by means of the a recovered word clock 
by a procedure whereby in the a sum n.ing amplifier (41 ) the- a sum of the differences of 
the photocurrents as U, = const • ^ ^^^WLl^klJLJMkn * respectively 
formed over a PN-word length by mea ns of a short-term integrator contained in the 



detection and for highest sensitivity in 
difference output voltage is formed as 



summing amplifier. 



8 
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24.(Amended) Apparatus as let forth in claim 16 characterized in that preferab l y thorc is 
associated with each said Plvlp-pixel is a microlens which concentrates the 
^rnmaonetic waves incidejt on the array substant i a ll y o frte puk the photosensitive surface 
of tf>e4fl4 w i dual pixe l s that PMjp-pixel. 



25. (New) Apparatus as set forth in one of clairrfs 2 through 3 characterized in that a strip length 
of the modulation photogates (1,2) and the accumulation gates (4, 5) is more than fifty times 
the wavelength of the electromagnetic waves jo which the modulation photogates are sensitive. 

26. (New) Apparatus as set forth in claim flO, characterized in that the apparatus is used 
in an optical PLL- or DLL-circuit with a 2<1-PWID-DLL on the basis of an IQ-PMD- 
receiver, with PN-modulation, wherein digital PN-encoded data signals are used for 
multi-channel selection, multi-target detection and for highest sensitivity in phase transit 
time resolution, wherein a difference oJtput voltage is formed as a difference of 
quantitative differences of photocurreris as U. - const ■ (I I - 1 Mo 0 and is fed back 
by way of a loop filter or a digital regulator as a control parameter of a voltage-controiled 
multivibrator to a chip frequency andLherein a data signal of a PN-encoded 1/0-data 
sequence is regenerated by means if a recovered word clock by a procedure whereby in 
a summing amplifier (41) a sum of tie differences of photocurrents as U z = const • ( I ui b 
I + I i c -i<, l ) is respectively formed iver a PN-word length by means of a short-term 
integrator contained In the summinfg amplifier. _ . 



REMARKS 

The specification stands objected to for a typographical error in the equation at page 19, 
line 21 and page 19. line 25. The page 19 of the specification has been amended pursuant to 
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